Many naturally occurring isothiocyanates (ITCs) show highly promising chemopreventive activities. Humans are commonly exposed to these compounds through the consumption of cruciferous vegetables which are the main source of dietary ITCs. Dietary ITCs may play an important role in cancer prevention and in the well-recognized cancer preventive activities of cruciferous vegetables. A generic analytical method, namely the 1,2-benzenedithiol-based cyclocondensation assay, was previously developed for quantitation of ITCs and their in vivo metabolites. This method has been widely used and has contributed greatly to research on chemoprevention by ITCs. In this article, the discovery and development of the cyclocondensation assay are recapitulated, and its sensitivity and specificity as well as its advantages and limitations are scrutinized. Moreover, detailed discussion is also provided to show how this assay has been used to advance our understanding of the cancer chemopreventive potential and the mechanism of action of ITCs.
INTRODUCTION
Isothiocyanates (ITCs) are a family of small molecules characterized by the presence of an N C S group. They are widely distributed in plants, especially in cruciferous vegetables. Some vegetables are particularly abundant in certain ITCs, such as sulforaphane (SF) in broccoli and broccoli sprouts (Fahey et al., 1997; Zhang et al., 1992b) , allyl isothiocyanate (AITC) in horseradish root and mustard seed (Uematsu et al., 2002) , benzyl isothiocyanate (BITC) in garden cress (Gil and Macleod, 1980) , and phenethyl isothiocyanate (PEITC) in watercress (Chung et al., 1992) . Indeed, the pungent flavor of some of these vegetables arises primarily from these compounds. ITCs are synthesized and stored in plants as glucosinolates and are generated from the latter through myrosinase-catalyzed hydrolysis. More than 120 glucosinolates have been identified in plants, but some glucosinolates do not finally generate ITCs . Numerous studies in cells and animals have shown the cancer-preventive activities of various ITCs (Hecht, 1999; Zhang, 2010; Zhang and Talalay, 1994; Zhang and Tang, 2007) . Epidemiological studies have also shown an inverse association between the consumption of dietary ITCs and risk of cancer (Zhang, 2004) . These findings have led to widespread interest in dietary ITCs, which may play an important role in cancer prevention in humans and in the well-recognized cancer preventive activities of cruciferous vegetables.
The central carbon atom of the N C S group in most ITCs is strongly electrophilic and can react with oxygen-, sulfur-, or nitrogen-centered nucleophiles, yielding thiocarbamates, dithiocarbamates, or thiourea derivatives, respectively. Thus, the reaction of phenyl ITC with the amino groups of amino acids is the basis for Edman degradation for sequencing peptides (Edman, 1956) . In vivo, the carbon atom of the N C S reacts primarily with the cysteine thiol of glutathione (GSH), as described later. We reported in the early 1990s that ITCs also react with vicinal dithiols to initially form dithiocarbamates but finally five-membered cyclic products with the release of the corresponding amines (Zhang et al., 1992a) . This discovery led to the development of a relatively simple but highly sensitive and quantitative method, namely the cyclocondensation assay, for measurement of ITCs and their metabolites in plant extracts 526 Y. ZHANG and biospecimens (Zhang et al., 1992a; 1996) . To date, this assay has been used by many investigators in a wide variety of ITC studies and has greatly facilitated the evaluation of these compounds as potential cancer preventive agents. In this article, I intend to recount the discovery and development of the cyclocondensation assay, to discuss its sensitivity and specificity as well as its advantages and limitations, and to describe how this assay has been used to advance our understanding of the cancer chemopreventive potential and the mechanism of action of ITCs.
The Reaction of ITCs with Vicinal Dithiols
When propyl ITC was incubated with 2,3dimercaptopropanol in an aqueous solution under slightly basic conditions, the ultraviolet absorption spectrum of the solution indicated rapid formation of a dithiocarbamate (absorbing maximally near 270 nm with a shoulder at 250 nm) (Fabian et al., 1967) . Upon longer incubation, however, the absorption spectrum of the solution shifted with a well-defined single isosbestic point to one that absorbed light maximally at longer wavelengths with greater intensity, indicating conversion of the dithiocarbamate to a new product (Zhang et al., 1992a) . This new product was subsequently isolated and identified as 4-hydroxymethyl-1,3-dithiolane-2-thione (Zhang et al., 1992a) . Additional experiments revealed that the reaction was specific neither to propyl ITC nor to 2,3-dimercaptopropanol, and followed the general mechanism illustrated in Fig. 1 . Thus, attack on the carbon atom of the N C S group of an ITC molecule by a thiol group of a vicinal dithiol, which gives rise to a dithiocarbamate, is followed by a second attack on the same carbon by the adjacent thiol group, resulting in formation of a five-membered 1,3-dithiolane-2-thione and the corresponding amine. Although intramolecular cyclization between ITCs and vicinal amino groups or vicinal amino and thiol groups had previously been demonstrated (Mukerjee and Ashare, 1991) , a cyclocondensation with vicinal dithiols had not been reported. Thus, a new chemical reaction of ITC had been discovered. This reaction was subsequently shown to be useful for generating primary amines in good yields from alkyl and aryl ITCs (Cho and Posner, 1992) , but we also realized that it might be useful for measuring ITCs by quantifying the cyclic product, providing a generic analytical method for ITCs.
The 1,2-Benzenedithiol-Based Cyclocondensation Assay and its Sensitivity
A comparison of several vicinal dithiols identified 1,2benzenedithiol (BDT), which is commercially available, as the favorable reagent: the cyclocondensation product, 1,3benzodithiole-2-thione, showed a high molar extinction coefficient at the long wavelength (ε = 23,000 M −1 cm −1 at 365 nm); the product formed rapidly and was very stable under a variety of conditions, including heating for 18 h at 65 • C and pH 8.5 (Zhang et al., 1992a) . All aliphatic and aromatic ITCs, except tertiary ITCs, reacted quantitatively with an excess of BDT. While the rate of the cyclocondensation reaction varied among different ITCs, and with pH and temperature, we were able to find a simple reaction condition, as described later, under which every reactive ITC tested was fully converted to 1,3-benzodithiole-2-thione.
ITCs are metabolized in vivo primarily through the mercapturic acid pathway. They first undergo rapid conjugation with GSH, which takes place spontaneously but is further promoted by glutathione S-transferase (GST). The GSH moiety of the conjugate then undergoes further enzymatic modification to form sequentially the cysteinylglycine-, cysteine-, and Nacetylcysteine (NAC)-conjugates, which are excreted in urine ( Fig. 2) (Brusewitz et al., 1977; Egner et al., 2008; Jiao et al., 1994) . We demonstrated that these metabolites (dithiocarbamates) could undergo the same cyclocondensation reaction with BDT stoichiometrically (Fig. 2) (Zhang et al., 1996) . This finding suggested the potential utility of this assay for measurement of human and animal exposure to ITC, for determination of the bioavailability of ITC from cruciferous vegetables, and for elucidation of the mechanisms of action of these compounds. Indeed, this assay has been used in various studies in cultured cells, animals and humans, some of which are discussed later.
A typical 2-mL reaction consists of 1 mL methanol containing BDT, 0.5-1 mL 100 mM potassium phosphate (pH 8.5), and the sample to be assayed. BDT is present in ≥ 100 fold excess over the ITC to be measured, typically at 4 mM. The mixture is kept in a tightly capped glass vial and is heated at 65 • C for 2 h (Zhang et al., 1992a) . Although BDT was routinely distilled before use in our previous experiments, we later found that distillation was not necessary for commercial BDT at ≥ 90% purity. Direct spectrophotometric determination of the reacted solution at 365 nm allows measurement of as low as 1 nmol of ITC (Zhang et al., 1992a) . Although this system is suitable for quantifying many ITCs and other compounds, certain modifications were made later. We showed that the sensitivity of detection could be lowered to 10 pmol by separating 1,3-benzodithiole-2thione from other substances in the reaction mixture by simple reverse phase HPLC and area integration of the product peak detected with a photodiode array detector ( Fig. 3b ) (Zhang et al., 1996) . Using an analytical C18 reverse phase column, with an isocratic mobile phase of 80% methanol and 20% water at a flow rate of 2 mL/min, 1,3-benzodithiole-2-thione is eluted out at 5-6 min ( Fig. 3a ) (Zhang et al., 1996) . This approach also expanded the versatility of the assay, as samples with strong color (e.g., plant extracts or blood) could also be analyzed. Moreover, the detection sensitivity could be lowered at least another 10fold by solid phase extraction of 1,3-benzodithiole-2-thione via a small reverse phase Sep-Pak cartridge (Ye et al., 2002) . The reaction volume may be reduced 10 fold, if the sample availability is limited (Zhang and Talalay, 1998) . For urine samples, the phosphate solution is replaced with 500 mM sodium borate buffer (pH 9.25), in order to maintain high pH of the reaction solution (Ye et al., 2002) . Acetone, acetonitrile, dimethylsulfoxide, dimethylformamide, or 2-propanol may be used to dissolve samples that are insoluble in methanol or water or to reduce the Samples were injected automatically onto a HPLC column, eluted isocratically with 80% methanol and 20% water at a flow rate of 2 mL/min. A, a typical chromatogram of a completed cyclocondensation reaction solution. B, a standard curve of 1,3-benzodithiole-2-thione measured by HPLC (Zhang et al., 1996). formation of precipitates in the reaction solution when proteinrich samples are used. These solvents may replace one-half or more of the methanol in the standard reaction solution Ye et al., 2002; Zhang et al., 1996) . With compounds which react slowly, the final concentration of BDT may be raised to 50 mM (Zhang and Talalay, 1998; Zhang et al., 1996) . High protein levels in blood and tissue samples may hamper the assay, presumably through absorption of the relatively hydrophobic 1,3-benzodithiole-2-thione by proteins in the reaction solution. We showed that this could be overcome by incubating the sample with 6% polyethylene glycol (MW 8000) or by filtration of the sample through a Centricon YM-30 filter, and assaying the supernatant/filtrate (Ye et al., 2002) . It was reported that 1,3-benzodithiole-2-thione could be fully extracted from the reaction solution with hexane, followed by evaporation of the extract to dryness by a Speed-Vac before HPLC analysis (Liebes et al., 2001) . However, evaporation of the extract under high vacuum might cause loss of 1,3-benzodithiole-2-thione (Ye et al., 2002) . It is also important to note that the formation of very high concentrations of 1,3-benzodithiole-2-thione in the reaction solution should be avoided, as this may result in its precipitation or crystallization, although there was a linear 528 Y. ZHANG response (over 3 orders of magnitude of concentration range) of the photodiode array detector to serial injections of this compound dissolved in methanol ( Fig. 3b ) (Zhang et al., 1996) . 1,3-Benzodithiole-2-thione is not commercially available, but a procedure to prepare it was previously described (Zhang et al., 1992a) .
The Specificity of and Potential False Positives in the Cyclocondensation Assay
A wide variety of ITCs, both aliphatic and aromatic, were fully reactive with BDT under the assay conditions described above, but tert-butyl ITC and other tertiary ITCs were poorly reactive (Zhang et al., 1992a) . Efforts to force the reaction by increasing the concentration of BDT to 50 mM or by prolonging the incubation period to 15 h at 65 • C led to only 20% reaction of tert-butyl ITC (Zhang et al., 1996) . It is unclear whether the steric hindrance imposed by the tertiary carbon atom blocks access of the attacking thiols to the carbon of the N C S group, or whether the multiple methyl groups reduced the electronegativity of the adjacent nitrogen and thus makes the departure of the free amine unfavorable. Fortunately, no tertiary ITC is known to occur in nature.
Sinigrin, the glucosinolate of AITC, was totally nonreactive under the assay condition (Zhang et al., 1992a) , and there has been no report that any other glucosinolates could be detected by this assay. Besides ITCs, other products may also be generated from certain glucosinolates, including nitriles, thiocyanates, or oxazolidinethiones (Pessina et al., 1990) , but none of these compounds could be detected by the cyclocondensation assay. Other compounds that possess similar chemical structures such as cyanates and isocyanates did not react.
As discussed above, the dithiocarbamate metabolites of ITCs are fully reactive with BDT. However, certain dithiocarbamates that are not derived from ITCs and related compounds, including certain thiurams, metal-containing dithiocarbamates, substituted thioureas, xanthates, and carbon disulfide are also reactive (Zhang et al., 1996) . Some dithiocarbamates and thiurams are used as antioxidants and vulcanization accelerators for both natural and synthetic rubber. Thus, these compounds may be present at significant levels in a broad range of rubber products. For example, the total levels of dithiocarbamates and thiurams in natural and synthetic gloves as well as synthetic polymer gloves was found by the cyclocondensation assay to be as high as 43 µmol/g glove (our unpublished data). Thus, when handling the cyclocondensation assay, care is needed to avoid potential contamination by glove or blood-drawing equipment (e.g., stoppers of Vacutainers and rubber tips of syringe plungers). However, we found no dithiocarbamates and thiurams in vinyl gloves (our unpublished data). Carbon disulfide is a component of tobacco smoke and may be present at significant levels in the urine of cigarette smokers (Shapiro et al., 1998) .
The Advantages and Limitations of the Cyclocondensation Assay
The cyclocondensation assay does not require prior modification of ITCs, unlike other methods that require either radiolabelling (Bollard et al., 1997; Brusewitz et al., 1977) or chemical derivatization of the compounds (Ji and Morris, 2003) . It does not require highly sophisticated instruments and avoids potential under-detection which may occur with methods focused on specific ITCs or their metabolites, such as mass spectrometrybased methods. The dithiocarbamate metabolites of ITCs are unstable and can dissociate back to ITC . Moreover, the side chain of a given ITC may be metabolized in vivo, as in the case of SF (Kassahun et al., 1997) , leading to the formation of potentially unknown dithiocarbamates. The cyclocondensation assay can overcome these problems, as it detects both ITCs and their dithiocarbamate metabolites. Moreover, because accumulating data have convincingly shown that ITCderived dithiocarbamates serve as carriers of the ITCs (Bruggeman et al., 1986; Conaway et al., 2001) and the chemopreventive activities of these dithiocarbamates closely resemble those of their parent compounds Chung et al., 2000; Conaway et al., 2005; Jiao et al., 1997; Yang et al., 2002; , measurement of the total level of ITC plus its dithiocarbamate metabolities in vivo by the cyclocondensation assay provides a full assessment of tissue exposure to the ITC.
However, this advantage of the cyclocondensation assay is also its limitation. Thus, it is not capable of discriminating each individual ITC or dithiocarbamate, as any reactive ITC or dithiocarbamate forms the identical cyclic product. While many population studies and a randomized clinical trial have shown that urinary level of ITC equivalents (total ITCs plus their dithiocarbamate metabolites, measured by the cyclocondensation assay), is inversely associated with the risk of various cancers (breast, colon, lung, and stomach) (Fowke et al., 2003; London et al., 2000; Moy et al., 2009; Yang et al., 2010) or carcinogen-induced DNA damage (Kensler et al., 2005) , the identities of the ITCs and their metabolites measured in these studies were largely unknown. Moreover, care is needed to avoid potential false positive detection, since a number of other chemical entities can undergo the same reaction with BDT, as described above.
Measurement of ITC Levels in Urine and Plasma
The cyclocondensation assay has been used to measure ITC equivalents in urine and plasma. Using AITC as an example, we showed that approximately 75% and 0.6% of a single oral dose of AITC to rats was detected as AITC equivalents in the first and second 24-h periods of urine after dosing , showing rapid AITC elimination via the urine. In previous studies using [ 14 C]AITC, approximately 80% of the administered dose was recovered in the urine, as measured by radioactivity (Bollard et al., 1997; Ioannou et al., 1984) . Thus, the cyclocondensation assay measured nearly all AITC and its metabolites in the urine. In humans, after a single 74 µmol oral dose of horseradish ITCs, the majority of which was AITC, 42% of the dose was recovered as ITC equivalents in the 10-h urine following dosing (Shapiro et al., 1998) . Similar results were obtained with other ITCs. When rats were administered a single oral dose of broccoli sprout extract (BSE) which contains several alkyl ITCs (mainly SF), 70-79% and 1% of the ITC dose were detected by the cyclocondensation assay in the first and second 24-h periods of urine after dosing , while another study showed that most was excreted in the first 12 h (Munday et al., 2008) . In humans, after a single oral dose of BSE containing 200 µmol ITC, 58% of the ITC dose was detected as ITC equivalents in the 8-h urine after dosing (Ye et al., 2002) . Moreover, subsequent studies showed that the percentage urinary recovery of ITC equivalents, remained virtually unchanged when the ITC dose delivered with BSE was increased from 10 to 250 µmol/kg in rats or 25 to 200 µmol per person (Shapiro et al., 2001; Zhang et al., 2006) . Likewise, the percentage urinary recovery of ITC equivalents remained unchanged when the ITC dose delivered with horseradish was increased from 12 to 74 µmol per person (Shapiro et al., 1998) . These observations show the robustness of the mercapturic acid metabolic pathway and the urinary elimination process in handling ITCs. Interestingly, in rats given a single oral dose of 1-methylbutyl ITC or n-decyl ITC (25 µmol/kg), while their urinary elimination was also largely completed within 24 h, only 55% and 11% of the dose were recovered as ITC equivalents in the urine, respectively, and decreased to 34% and 7.2%, respectively, when the dose of each ITC was increased 10 fold . The reason for the relatively low percentages of urinary recovery for these compounds, compared with that of AITC and SF, is not known, but it is possible that high lipophilicity of these ITCs, n-decyl ITC in particular, might hinder gastrointestinal absorption.
The cyclocondensation assay has also been used to compare plasma levels of ITC equivalents with those in urine. Oral administration of AITC led to a dose-dependent increase in plasma levels of AITC equivalents in rats. Peak plasma levels of AITC equivalents of 1.5 and 23.4 µM were reached within 3 h of AITC dosing at 10 and 300 µmol/kg, followed by a rapid decline (half-life of ∼3-6 h), whereas the average 6-h urinary concentrations of AITC equivalents were 0.23 and 9.94 mM, which were 150-425 fold higher than those in the plasma (Bhattacharya et al., 2010) . Likewise, in rats receiving a single oral dose of BSE at 160 µmol ITC/kg, the peak plasma level of ITC equivalents (16.3 µM) was reached within 1 h, followed by a rapid decline (half-life of 8.4 h), whereas the average 1-h and 24-h urinary concentrations of ITC equivalent were 1.34 and 2.41 mM, which are 2-3 orders of magnitude higher than the peak plasma concentration (Munday et al., 2008) . The cyclocondensation assay has also made it possible to show that rapid absorption and plasma clearance of ITCs as well as a dramatic difference in urinary and plasma concentrations of ITC equivalents also occur in humans. For example, in volunteers administered a single oral dose of BSE (200 µmol ITC/person), plasma levels of ITC equivalents of 0.94-2.27 µM peaked at 1 h and declined rapidly thereafter (half-life of 1.8 h), whereas the average 8-h urinary concentration of ITC equivalents was 232 µM (assuming 0.5 liter of urine production), which is 102-247 fold higher than the peak plasma concentrations (Ye et al., 2002) . These observations strongly indicate that dietary ITCs are preferentially delivered to bladder tissue through urinary excretion.
Measurement of Cell and Tissue Exposure to ITC
The cyclocondensation assay has been used to measure ITC uptake by cells and tissues. In murine hepatoma Hepa 1c1c7 cells exposed to [ 14 C]PEITC, 80-90% of the ITC that was absorbed by the cells was detected by the cyclocondensation assay, and in the case of fluorescein ITC, nearly all of its cellular uptake was detected by the cyclocondensation assay (Zhang and Talalay, 1998) . These and subsequent studies, all relying on the cyclocondensation assay, have led to the discovery of rapid cellular uptake and elimination of ITCs in human and animal cells (Zhang, 2000; 2001; Zhang and Callaway, 2002; Zhang and Talalay, 1998) . Briefly, ITCs appear to penetrate cells by diffusion and upon entering the cell are rapidly conjugated with intracellular thiols. GSH, which is the most abundant intracellular thiol, is the major driving force for ITC accumulation. Thus, ITCs are accumulated mainly as GSH conjugates. The peak intracellular ITC accumulation is reached within 0.5-3 h and reaches 100-200 fold over the extracellular concentration. However, intracellularly accumulated GSH conjugates of ITCs, perhaps other conjugates as well, are also rapidly exported by membrane transporters, including multidrug resistance associated protein-1 (MRP-1) (Callaway et al., 2004; Zhang and Callaway, 2002) . For example, 50% of accumulated SF in human prostate cancer LNCaP cells was lost in 1 h, and intracellular accumulation of SF could only be maintained when there was a continuous presence of SF in the extracellular space to allow continuous cellular uptake of SF to offset the rapid export of conjugated SF (Zhang and Callaway, 2002) .
The cyclocondensation assay has also been used to measure ITC levels in normal and tumor tissues. In one study, in which rats were given a single oral dose of ITC (160 µmol/kg) using BSE, and tissue levels of ITC equivalents in the liver and bladder at different time points were compared, the level of ITC equivalents in the bladder tissue was significantly higher than that in the liver (Munday et al., 2008) . In another study, rats bearing both orthotopic bladder tumor and subcutaneous tumor, both of which developed from the same bladder cancer cells, were given a single oral dose of AITC at 300 µmol/kg. Tissue levels of AITC equivalents in the orthotopic bladder tumors at 3 h and 6 h after AITC dosing were 720-and 986-fold higher than that in the subcutaneous tumors at the same time points (Bhattacharya et al., 2010) . These findings are consistent with other data showing that ITCs are preferentially delivered to bladder through urinary excretion and suggest that ITC may be particularly useful for bladder cancer prevention.
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Measurement of ITC in Plants and the Bioavailability of Plant ITC
The cyclocondensation assay has been used to measure total ITC levels in a variety of vegetables. Fresh or cooked vegetables were prepared as aqueous extracts and were either directly analyzed by the cyclocondensation assay or first treated with exogenous myrosinase to fully hydrolyze glucosinolates Shapiro et al., 1998) . Important information has been obtained from these studies. (1). Total ITC levels in vegetable extracts after myrosinase treatment increased up to 38 fold, consistent with the notion that ITCs are stored as glucosinolates in plants and suggesting that endogenous myrosinase in these plants, if present, is inadequate for full hydrolysis of glucosinolates.
(2). Total ITC levels in 11 cruciferous vegetables assayed varied by nearly 16 fold, with the highest level detected in broccoli (0.8 µmol/g fresh weight) and the lowest detected in bok choi (0.05 µmol/g fresh weight). (3). None of the 10 non-cruciferous vegetables, including lettuce, spinach, carrots, tomatoes and others, contained any detectable ITC, consistent with the knowledge that cruciferous vegetables are the primary plant source of these compounds. Although the cyclocondensation assay does not identify the specific ITCs in vegetable extracts, and mass spectrometry-based methods may be employed to gain such information, it should be cautioned that ITCs in the extracts may exist in part as conjugates of GSH or other thiols (Gasper et al., 2005) .
The cyclocondensation assay has also been used to investigate the bioavailability of ITC from cruciferous vegetables. To compare ITC bioavailability from fresh and steamed vegetables (endogenous myrosinase is inactivated in the latter case), human volunteers consumed 200 g fresh or steamed broccoli, followed by measurement of urinary levels of ITC equivalents. While total ITC contents in the fresh broccoli and steamed broccoli, measured after their aqueous extracts were treated with exogenous myrosinase, were almost identical (1.1 versus 1.0 µmol/g wet weight), the average 24-h urinary recovery of ITC equivalent was 32% and 10% of the ingested dose, respectively . Thus, ITC bioavailability from fresh broccoli was more than three times higher than that from steamed broccoli. In another study, where 300 g watercress was cooked in boiling water for 3 min (to inactivate endogenous myrosinase) before being consumed by volunteers, the 24-h urinary recovery as ITC equivalents was 1.2-7.3% of the dose (Getahun and Chung, 1999) . In contrast, the total 24-h urinary recovery as ITC equivalents was 17.2-77.7% of ingested dose when 150 g of uncooked watercress was ingested. Likewise, when human volunteers consumed BSE containing only ITCs (glucosinolates were hydrolyzed by myrosinase) or only glucosinolates (myrosinase was heat-inactivated), the 72-h cumulative urinary excretion of ITC equivalents was 80% and 12% of the dose, respectively (Shapiro et al., 2001) . These studies clearly show that vegetables whose myrosinase is functional provide much more ITC than those without myrosinase. Moreover, the cyclocondensation assay has also made it possible to better un-derstand the role of myrosinase in the intestinal microflora in the hydrolysis of glucosinolates. When the population of microflora was reduced by a combination of mechanical cleansing and oral antibiotics, there was a reduction in 72-h urinary recovery as ITC equivalents from 11.3% (pretreatment) to 1.3% (post-treatment), following consumption of 100 µmol of broccoli sprout glucosinolates (containing no myrosinase) (Shapiro et al., 1998) . In another study involving 100 volunteers who consumed BSE (400 µmol glucosinolates, myrosinase inactivated), there was high inter-individual variability in urinary recovery as ITC equivalents in 12-h urine, ranging from 1% to 45% of the administered dose (Kensler et al., 2005) . In contrast, in volunteers administered BSE (only ITCs, no glucosinolates), the intra-and inter-subject variation in urinary excretion of ITC equivalents was very small (coefficient of variation, 9%) (Shapiro et al., 2001) . These findings indicate a wide inter-individual variability of the activity of intestinal microbial myrosinase. Moreover, the cyclocondensation assay also permitted investigation of the effect of vegetable-eating habit on ITC availability. In a study where each volunteer was asked to either swallow without chewing or chew thoroughly before swallowing 12 g fresh broccoli sprouts containing 109 µmol of glucosinolate/ITC, chewing and not chewing the sprouts led to 39% and 26% recovery as ITC equivalents in 24 h urine, respectively (Shapiro et al., 2001) .
CONCLUDING REMARKS
The 1,2-benzenedithiole-based cyclocondensation assay for measurement of ITCs and their metabolites is simple, generic, sensitive, quantitative and versatile. This method has been widely used and has allowed numerous ITC studies to be carried out. Many important findings have been made from these studies. This method will undoubtedly continue to facilitate research on the nutritional and chemopreventive importance of ITCs.
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